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where A r e p r e s e n t s t h e p r o t e i n p a r t of the metalloenzyme and B t h e subst r a t e the r e a c t i o n o f which i s catalyzed by the metalloenzyme, MA, The f r e e metal i o n o f t e n e x h i b i t s similar c a t a
l y t i c a c t i v i t y b u t i n combinat i o n with A i t s a c t i v i t y is o f t e n increased enormously and f u r t h e r a cert a i n degree o f s e l e c t i v i t y 1 3 imparted. Schematically we may say M + B -M E
35 km Products MA + B 5% LIAB k a~~ p Products Hence, i t follows t h a t the s p e c i f i c r a t e c o n s t a n t s f o r t h e s e catalyzed r e a c t i o n s under t h e conditions t h a t concentrations of 103 and lUl3 a r e n e g l i g i b l e compared t o the t o t a l c o n c e n t r a t i o n of the metal i n t h e system ( p r e s e n t v i r t u a l l y as M o r ?LA) w i l l be km = &. kmB (4) bX. 4 Now ku') kM and t h i s may b e due t o e i t h e r qiIAB 9 K L o r kr,mB>> km o r both. Again, a h i g h e r s t a b i l i t y of t h e t e r n a r j complex ILAB compared t o t h a t of the b i n a r y complex Mi3 may be due t o e i t h e r a h i g h e r r a t e of forma- The s t a b i l i t y of a t e r n a r y complex MAB compared t o t h a t of the b i n a r y complex MA o r I D can be expressed as follows ( r e f . 1,2) :
where K i s the e q u i l i b r i u m constant f o r t h e r e a c t i o n KA + m w w + ?x (6) On s t a t i s t i c a l considerations a negative value i s expected f o r A l o g K and t e r n a r y complexes a r e expected t o be l e s s s t a b l e than the corresponding b i n a r y complexes. This i s o f t e n the case, b u t i n some s i t u a t i o n s a t e r n a r y complex may b e more stable and t h i s l e a d s t o p o s i t i v e v a l u e s of A l o g K. This g e n e r a l l y happens when a metal binds t o a s t r o n g sigma and p i donor ligand (such as having oxygen donors) and another p i acceptor ligand such as pyridine, imidazole, 2,2'-bipyridyl, 1,lO-phenanthroline, etc. and many examples a r e well-known ( r e f . 3,4). Intramolecular stacking i n t e ra c t i o n a l s o enhances s t a b i l i t y i n s u i t a b l e cases ( r e f . 5 ) such as Cu(amp)(bipy) (amp2-I adenosine-monophosphate) f o r which P l o g K value ( r e f , 4 ) is +0.5 a t 25O. It i s remarkable t h a t while RPOZ-forms much more s t a b l e complexes w i t h $+ ions (M = Co, N i , Cu, Zn) than pyridine, the reverse i s more s i g n i f i c a n t l y t r u e f o r complexation of M(nta)' w i t h these l i g a n d s ( r e f . 6). Examples are numerous that an aqua ligand bound to a metal i o n i s s i g n i f i c a n t l y l a b i l i z e d by a strong sigma donor ligand (seelTable 1). The data i n Table 1 ( A ) i n d i c a t e t h a t the strong sigma donor NH3 causes s i g n i f i c a n t l a b i l i z a t i o n of H20 i n t r a n s p o s i t i o n t o NH3; while data i n ( I ) ( r e f . lo), Cr(bigH)2(ox)+ (11) ( r e f . 9 ) and Cr(bigH)(H20)2(ox)+ (111) ( r e f . 9 ) . A t 25O under comparable conditions the 1o5kH, ~1 s -1 , values are 3.53, 296 and 1.01 respectively f o r the t h r e e species, i.e. i n the r a t i o of 1: 84 : 0.29; moat s i g n i f i c a n t being almost 300 fold decrease i n r a t e f o r the species I11 compared t o t h a t of species I1 having I d e n t i c a l charge.
Labilization of an aqua ligand due t o a ligand L i n ( r e f . 11) t o be r e l a t e d t o the e l e c t r o n donating a b i l i t y of L as measured by the En value i n the Edwards' nucleophilicity scale I i s reported where the k-s a r e the s p e c i f i c r a t e constants f o r the exchange of the bound aqua ligand i n ML(H,O)F and M ( H 2 0 ) 7 complexes with solvent water,and y i e a constant which has been evaluated using eq. Coetzee and coworkers have determined the r a t i o N of the r a t e constants of the reactions of N i x $ and NiS? with a ligand Y (X = a monoanion, S = solvent and Y = a n e u t r a l heteroaromatic l i g a n d ) i n the cases of S = C%OH (ref. 13) and S = CH3CN ( ref. 1 4 ) . The data shown i n Table 2 i n d i c a t e t h a t the l a b i l i z a t i o n v a r i e s not only w i t h X, but f o r t h e same X depends considerably on the nature of the solvent S.
Pasternack and coworkers ( r e f . 15) have determined by temperature-jump method the r a t e s of formation and d i s s o c i a t i o n of ternary complexes i n the r e a c t i o n of Cu(bipy)2+ w i t h L (L =: ethylenediamine, glycinate, 4 -a l a n i n a t e , p -alaninat e : 1 6 ) f o r the Cu(bipy)(acac)+ system. The r e s u l t s summarized i n Table 3 a r e s i g n i f i c a n t and i n d i c a t e t h a t 
t a b i l i t i e s of the d i f f e r e n t systems. For Co(bipy) (gly)' a l s o the comparat i v e l y high s t a b i l i t y compared t o that of C~( g l y )~ can be a t t r i b u t e d t o a lower d i s s o c i a t i o n rate f o r the former (kd, 55 6-1 a t 25O) than that of the l a t t e r (330 s -' ) ,
the formation r a t e constants being r a t h e r e i m i l a r ( 1 . 6~1 0 and 2 . 0~1 0~ Ilf '8-l respectively) (ref. 18 ). I n c o n t r a s t , however, the higher s t a b i l i t y (ref.6) of Ni(nta)(im)-compared t o t h a t of Ni(nta)-(NIB)-i s primarily due t o a much higher formation r a t e f o r the imidazole ( i m ) complex as the data ( r e f . 19) i n Table 4 indicate. This higher format i o n r a t e i s due t o a higher value of the a s s o c i a t i o n constant f o r format i o n of the outer-sphere precursor complex due t o hydrogen bonding and pibonding i n t e r a c t i o n s of Ni(nta)(H20)i with imidaeole (ref. 3). 
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Ni(H20)F Ni(nta)(H20)i
The data in Table 4 a 
l s o i n d i c a t e that nta3-bound t o n i c k e l ( I 1 ) causes lab i l i z a t i o n of the o t h e r ligands bound t o the metal and t h i s i s i n keeping
with the f a c t that at 25O the r a t e constants f o r the water exchange reacs -' ( r e f . 21) respectively.
Results of i n v e s t i g a t i o n s on the k i n e t i c s of formation of ternary compleir xes N i ( A ) L i n the r e a c t i o n s of N i ( n t a ) ( H 2 0 )~ ( r e f . 22) and I?i(ada)(H20)i ( r e f . 231, where n t a = n i t r i l o t r i a c e t a t e and ada = anthranilatodiacetate, with amino acids, LH, presented i n Table 5 are i n t e r e s t i n g . The observed values of kf are i n the following sequence of the amino a c i d s : glycine)
O(-alanine > Lphenylalanine > L v a l i n e > t m e t h i o n i n e )P-alanine > sarcosine, which i s not q u i t e the sequence of the pKa values of t h e s e amino acids.
It i s s i g n i f i c a n t t h a t r i n g s i z e and bulky s u b s t i t u e n t on the reacting NH2
group have a pronounced e f f e c t on the kf value. The exceedingly slow r a t e s of reactions of amino a c i d s with these nickel(I1) complexes is i n t r i g u i n g , but the r e s u l t s can be explained by the following mechanism of r e a c t i o n (Scheme I ) I
12-+ H20
+€I+
H2°
The hydrogen bonded species ( I V ) i n the above scheme is e s s e n t i a l l y an int e r n a l conjugate base and is unreactive; r i n g closure step involving the species (111) is r a t e determining. Similar r a t e determining r i n g closure has been proposed f o r the r e a c t i o n s of Ni(trienl2+ w i t h glycine ( r e f . and Ni(nta)(H20)i r e a c t with NH, a t comparable r a t e s (see Table 4 ).
The k i n e t i c s of r e a c t i o n s of Fe(R20)36+ and Fe(nta)(H20)2 with benzohydroxamic acid, LH, has r e c e n t l y been investigated ( r e f . 27). The observed reactions a r e The r e s u l t s i n d i c a t e t h a t nta3' bound t o F e ( I I 1 ) causes l a b i l i z a t i o n of the o t h e r ligand bound t o the metal. But the much lower s t a b i l i t y of the Fe(nta)(L)-compared t o t h a t of FeL2+ i s due t o a s i g n i f i c a n t increase i n the d i s s o c i a t i o n r a t e of the former compared t o t h a t of the l a t t e r . I n keeping with t h e f a c t t h a t nta3' causes l a b i l i z a t i o n of the o t h e r bound ligand by bond weakening it has been observed ( r e f . 27) thatAH' value f o r the kl path f o r Fe(nta) is 42.3 kJM-' as a g a i n s t a value of 57. Ternary complex formation i n the Cu(bigH)z+ -bipy/phen systems can be represented as i n Scheme 11. These a r e t y p i c a l square-planar complex systems and very few k i n e t i c s The values ofAHC andAS* f o r t h e d i f f e r e n t r e a c t i o n s and paths have a l s o V I been evaluated. The r e s u l t s i n d i c a t e kz = k , > k : " = k i v . Hence, compared t o bipy, a g r e a t e r l a b i l i z a t i o n of the bound bigH i s caused by phen i n Cu(bigH)(L)2', Also, kEV) kil' and kL > kL suggesting a s s o c i a t i v e charact e r f o r kL path. However, k$ > kil presumably due t o more favourable stacking i n t e r a c t i o n of t h e f l e x i b l e bipy w i t h Cu(bigH)p leading t o stronger o u t e r s p h e r e a s s o c i a t i o n in the precursor complex. 
